From the sheer amount of bad news coming through the 24/7 news cycle, one may get the impression that the world is on the road to apocalypse. To counter this impression, the German news magazine Der Spiegel now publishes one trend every week that points in the right direction. Diseases have been eradicated, child labour reduced, fl ying is safer, etc. One of these silver linings concerns road traffi c deaths in Germany. They peaked in 1970 at a horrifi c 58 people dying on the roads per day. Back then, the comparison often used to convince people afraid of fl ying was that the massacre on the roads corresponded to one fully booked jumbo jet crashing out of the skies over Western Germany every single week.
Thanks to a lot of legislation and innovation both in road design and in vehicle construction, this fi gure has been reduced by a factor of six, to fewer than 10 deaths per day in 2015. That corresponds to just under 50 deaths per million inhabitants per year. Sweden and the Netherlands perform even better, but most of the world does much worse.
The global spread of vehicle ownership has been projected to double the fi gure of motor vehicles on the road from one billion in 2010 to two billion in 2030. As this trend collides with poor standards of infrastructure design in the developing world and high population density in new megacities, the slaughter that was once deemed acceptable in Europe will be repeated on a much larger scale around the world.
The WHO estimates that the current global death toll on the roads of 1.4 million per year will rise to 1.8 million by 2030. Seen as a global epidemic, road traffi c is deadlier than malaria. And that's just the acute impact of accidents -the long-term effects of chronic pollution will add to the death toll.
Diesel dilemmas
Pollution from motor vehicles was long considered a problem solved by technological advances. The introduction of three-way catalytic converters in the 1980s dramatically reduced the emission of nitrogen oxides and carbon monoxide, allowing these gases to convert to the much more stable molecules carbon dioxide and nitrogen. For diesel cars, European makers introduced fi lters to remove particular matter (soot) in 2000 in order to meet tighter emission standards, although they still tend to emit nitrogen oxides at a higher level than petrolpowered cars.
Following the 1997 Kyoto Protocol, which obliged the high-income countries to reduce their carbon dioxide emissions, the EU chose the fateful strategy of persuading motorists to switch from petrol to diesel on the grounds that diesel engines use less fuel and burn it more effi ciently, leading to lower carbon dioxide emissions overall. This was mainly possible thanks to an innovation made by Volkswagen in the late 1980s, which made the direct injection, turbo charged diesel engine viable for cars. A 1998 agreement between the European Commission and all European car manufacturers confi rmed the direction and sweetened the deal with fi nancial incentives. In the following decade, much of the European vehicle fl eet switched to diesel in an attempt to reduce costs as well as carbon dioxide emissions. Japan, meanwhile, favoured the development of new hybrid technology, initially a more expensive approach. Now the majority of private cars in much of Western Europe use diesel fuel -and it emerges that the EU may have taken a spectacularly wrong turn. Pollution with nitrogen oxides and particulates in European cities has increased dangerously. In February this year, it was reported that several locations in the UK had already surpassed the annual number of 18 hours in which they can legally exceed the maximal pollution levels.
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A planet with two billion cars
Projections indicate there will be two billion motor vehicles on the roads by 2030, most of them still powered by fossil fuels. Apart from the obvious implications for climate change, this trend also spells public health as well as environmental problems on an unprecedented scale. Michael Gross reports.
Road block: Economists predict that there will be two billion motor vehicles on the roads by 2030, as private vehicle ownership spreads to the developing world. The image shows an urban motorway in Beijing, China. (Photo: Bev Sykes.) R308 Current Biology 26, R307-R318, April 25, 2016 a signifi cant number who will go for the power and don't care about the health consequences for others.
The health implications of air pollution have become more clearly proven in recent years, adding to the damning verdict against the diesel engines. In 2013, the WHO's International Agency for Research on Cancer (IARC) classifi ed both outdoor air pollution in general and, on separate evidence, particulate matter in the air as carcinogenic to humans. The IARC estimated that in 2010 around 223,000 deaths from lung cancer resulted from outdoor air pollution.
The overall death toll of air pollution is much larger still, estimated at 3.7 million premature deaths in 2012, of which around 80% were from heart disease and stroke, 14% from chronic constructive pulmonary disease and the remaining 6% from lung cancer. The WHO fi gures suggest that 88% of those deaths occurred in low-and middleincome countries.
However, air pollution also kills people in the wealthier parts of the world. Public Health England assigns 28,969 deaths in the UK in 2012 to exposure to air pollution, including 3,389 in London and 520 in Birmingham.
Ironically, the countries trading in the health of their citizens for a reduction in carbon dioxide emissions may have been short-changed. Recent research suggests that diesel engines contribute to climate change through particulates that escape poorly functioning fi lters and may in the bottom line not be more climate friendly than petrol cars. This is a conclusion of briefi ng for members of the European Parliament prepared by Eckard Helmers from the Trier University of Applied Sciences, Germany.
The infrastructure tsunami
Twice as many cars will also require many more roads and twice as many parking spaces, driving forward deforestation and the general trend to cover landscapes with concrete. Estimates of new roads likely to be built by the middle of the century run to 25 million kilometres, which would mean a 60% expansion of the road network that existed in 2010.
This is due to highly ambitious infrastructure development plans driven forward by international development banks such as the World Bank, AIIB from China and BDES from Brazil. The G20 summit held in Australia in 2014 called for an investment of 60-70 trillion US dollars by 2030, which would more than double the value of the world's infrastructure.
The impact of this dramatic expansion will go far beyond the area covered by the actual roads. Dissecting habitats with more convenient through roads may fragment them to a degree that they cease to be viable for larger species. Road kill can also exert a signifi cant toll on wildlife in remote areas where animals are not adapted to this risk.
William Laurance from James Cook University at Cairns, Queensland, Australia, has spoken of a "tsunami of infrastructure investment" sweeping the world and has argued that "new infrastructures such as roads can open a Pandora's box of environmental problems" (http://bit.ly/1RMvjGU). For instance, building roads in previously undeveloped areas facilitates the access for those who aim to plunder natural resources illegally, including poachers as well as illegal loggers and miners. In contrast to rail lines that only enable the scheduled traffi c, roads can lead to all kinds of unintended consequences, including further deforestation and the spread of uncontrolled urbanisation.
Therefore, conservation experts including Laurance have suggested that "avoiding the fi rst cut" should be Putney High Street in London used up its annual budget of nitrogen dioxide spikes by January 8 th .
Part of the problem is that modern diesel engines aren't nearly as clean on the roads as the manufacturers promise them to be. In the case of Volkswagen, this discrepancy between theoretical and actual emissions of nitrogen oxides has been revealed to be the result of the use of software that reduces emissions at the cost of performance only when it senses that the vehicle is being tested. Outside the test lab, the machine opts for the dirtier, yet more powerful modus operandi. Cars from other manufacturers also show discrepancies, although no actual deception has been proven or admitted so far.
As for the particulate fi lters that are necessary to meet emission limits in force since 2005, in several EU states there is a cottage industry of tuning workshops that disable the fi lters to boost the power of the engine. A French study found that 75% of fi lters were not working as they should. The fundamental problem is that different sets of engine parameters support the desirable outcomes of high engine power, low fuel consumption and carbon dioxide emission, and low nitrogen oxide and particulate emissions. As long as motorists are free to choose between a clean car and a more powerful one, there appears to be a primary goal in trying to mitigate the impact of road building. Experiences in the Brazilian Amazon have shown that once a cut into pristine wilderness is established, this tends to become the nucleus for massive deforestation, often driven by illegal activities. Where roads are needed for a limited time, e.g. for logging or construction of buried gas lines, authorities could force operators to close the roads once they are no longer needed, and to re-establish native vegetation. Many facilities in remote wilderness areas could be run as if they were offshore, i.e. with access only by helicopter or riverboat (Curr. Biol. (2015) 25, R259-R262).
Investment in road building and improvement should instead be focused on areas that are already settled and where such measures could help to improve the effi ciency of the existing agriculture and of vital services, including health and education provision. In a recent paper, Laurance and colleagues have presented a global scheme for prioritisation of road building along these lines, weighing the developmental benefi ts against the environmental costs (Nature (2014) 513, 229-232). Whether the governments, corporations and banks that are busy covering the land surface of our planet in tarmac will pay attention to these assessments remains to be seen.
Driving into the future
Two major innovation drives are currently promising to reduce the impact of vehicle traffi c on health and the environment. One is the use of electricity either in hybrid cars combining electric and fuel-driven operation, as pioneered by Toyota in Japan since the 1990s, or in purely electric cars like the ones developed by the start-up company Tesla Motors in Palo Alto, California. Purely electric vehicles have to overcome fundamental technical problems affecting the energy storage in batteries in relation to the weight of the battery, as well as parameters such as charging time and infrastructure requirements. Meanwhile, hybrid cars are already offering a much greener option than the diesel vehicles favoured by the EU since the late 1990s.
The other innovation is the autonomous vehicle operating on the basis of big data and advanced sensors (Curr. Biol. (2015) 25, R255-R258). Pioneered by internet giant Google, this revolutionary approach promises to reduce road casualties by eliminating driver error, while also improving energy effi ciency by optimising the driving parameters accordingly. European car manufacturers such as Daimler-Benz have only belatedly recognised the potential of this concept and started their own development programmes.
The autonomous vehicle could reconcile the desire to travel in one's own private bubble with the convenience and environmental benefi ts of a utopian public transport system. For instance, an autonomous car could pick up passengers from wherever they live or work, without the need for parking spaces spoiling residential streets or clogging up inner cities. Chains of cars travelling in the same direction could hook up to form 'trains' with minimal air drag and take-up of road space. When the car is not being used, it could drive itself to a charging station that could be kept out of sight. In fact, many of the benefi ts of the self-driving car could be conceptualised as a bus split up into personal capsules, rather than as a family car minus the driver.
Whether these innovations could help to avert the environmental and health risks associated with a global fl eet of two billion cars, however, is open for debate, as many questions remain unanswered so far. As much of the appeal of driving a car originates from the feeling of being in control of a powerful engine, it is not clear whether a majority of motorists would be ready to give up this control. And as long as only a few autonomous vehicles would have to blend in with the chaos that is currently the most widely used mode of transport, it is not obvious that they would be safer, or that there would be convincing solutions to the moral dilemmas that may arise when machines have to make life-or-death decisions.
Moreover, everybody who has ever had problems with computers, from virus infections to random crashes, may not be keen on trusting them with the lives of their entire family. Even if autonomous vehicles work perfectly well in the streets of San Francisco, the major problems associated with the rapid expansion of vehicle ownership will be happening in the sprawling megacities of the developing world, such as Lagos, Nigeria, and its performance and affordability in such settings would be very big questions.
Change gears
The most fundamental question that rarely gets asked is why, if motor Most European cities have since the 1970s pedestrianised their main shopping streets and taken additional measures to keep cars out of the narrower streets of the historic centres. The Netherlands, now known as a paradise for cyclists, did not become one due to the genetic disposition of the inhabitants but due to conscious planning decisions designed to change behaviour. Similarly, Sweden achieved its world-leading low rate of road casualties by innovations in city planning, road design and car manufacturing. The French cities Lyon and Paris led the way to a wider take-up of cycling with their pioneering fully automated bike rental programmes in 2005 and 2007, respectively, which were later copied by London and many other cities.
Thus, a change of course towards more sustainable and less dangerous modes of transport would be possible, but in a world economy addicted to unlimited growth, and with car manufacturing being one of the few industries that can still offer a growth prospect, we seem to be stuck on automatic pilot driving towards a planet with two billion cars and very little space for anything else.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk vehicles kill more than a million people every year, is there hardly any opposition to their further spread, which will inevitably bring more road deaths, pollution, and health problems to the developing world?
While the promotion of healthier transport modes, including walking, cycling and public transport, have been a mainstay of green-alternative politics for decades, we never hear any politician of the conservative or social democrat traditions appeal to people to drive less, buy fewer cars, and get on their bikes instead. Amazingly, the annual World Naked Bike Rides, a happy confl uence of nudists and cycling campaigners happening in many cities around the world, is probably the most visible expression of this view today. This is all the more remarkable as the reduction of road casualties since the 1970s clearly shows that state intervention can change behaviour and save many lives. Starting from a situation where drivers could do almost as they pleased, governments curtailed their freedom by introducing alcohol limits, general speed limits, and the obligation to wear seat belts. Manufacturers were forced to fi t seat belts, head rests, airbags, and catalytic converters, all of which have saved many lives. What turned you on to biology in the fi rst place? I think my love for biology started when I was actually quite small. I had several strong infl uences. My parents where keen artists and they always encouraged me to observe and draw. It might sound strange but I think that my interest in biology started in the garden. By drawing plants and animals and really observing them, I learnt to love to understand what made things grow and what made them grow in a certain way, and I suppose that's what you call biology. At the same time, I had a music teacher and loved music at school, and I think music instilled in me the discipline that helps in biology today. In addition, I had a fantastic biology teacher at school. She gave us confi dence that we could really understand biology through close observation and experimentation and that this way we could actually make discoveries.
Do you have a 'favourite' paper? I don't think I really have a single favourite paper. I've been infl uenced over the years by several insightful publications. One that I do remember was a review written several years ago by Ken Yamada. He discussed how adhesion molecules regulate cell behavior. And he asked a simple question:
